


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1988-03 


An analysis of building a submarine base in 
the Arctic 


Best, Truman J. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/22878 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 










































































































































































































































































Read perigee pe 
“— isk uw aan & Aotdasase, 
i. Ae G ACLEALALA. AEH Ceerrsry worn Prrer pr 
Wh eiensiciiniaS Tiatavaiestc aie cone Ae AAR Raids ach ws pet stecnewares sane a-a 
7.40 ve . a ' ‘tes "aa P ~o a“ oi 
ta Oo ‘ hoe toy pepe saarthe 44 ? nan Sink q ave de antes * tase oP aiesita-c/ace deans, Gian Shee y ae 
r am » “dots 6, Sadetecl Melt o-—g i ieigay: ad teen ¥ Ms © gctagas ee OY Ts Roe oalé loshane IEGAGAn me, Agee! nae 
o 3 4 8 a! . 1 
ees >. Phy vrs ean t ¥¥ wage rece +8" ae Ls giyrert <i —her Saas OD EM eS ate Eo 
ak ne “« ae: "a1 2 Labbe Analg was oh, wo miart oa 4 Randa, ty aby errr date Fai Rp tod ADEA BG s asaya be 
ye babe ee erg Pyaar y) Sree o Sey ei Lege hoantaoed prog or oY & Ag? leat Meat. 6.48 (2g OGD weaemne asta Aah orarheen 9 
' ; a eatedaden of '4' "5 Ph emma Ee yrTY YS Gia peks vA aaa dN Serre PA eo Sat rer i Sr ey 
ea! + 144 . a te mos 46) ite het asa candi 5a estate w usa Sots? a ale re oo mt Lee * mgs 
:, en OREN remeron Taito ght aie he airs sinaiboacey ancctason: aut wage -* 
see ae ‘4 - a ASA i om - 1) rs peat SAA hPns BoB BO LASRPAOG pepe Hen tae at, 0 Bem 
= “i r oe: ah ueae Pe tame aes: Bint + cana 
a e ; o giade ys Aecs nine eaters Rulings? 4 Som. coral tenes t- a> OTe en (Soa. msns4obees Mame abste Sas pn 
j MS _ = rm y ia aka Dad spore attoharana S061 4bLod tee once ipialietasiee cevaxmeiane ce ies rare 
; Bnet. — yr: ly aa — wae + em sa, eee cae sa ona bd) om Lee tuc oentiinas Sine ’ 
a aN ito at Spanier pe nie ca etateay «ebihane as arto 
st “ dre doll 
¢ he = * galt pact : iss ra ey ; atacauth stv’. Siceek breed 5 one Lala 
' ’ ‘ * ee ue ee acke! leash OP baer ae help ererty ees 2). gti 8 
bar as a Td Stirs ing Be aR es tes 42-04 Mal Sil ect caga hs amie me 
= = - e 7 : “a! « 5 vi 4 
ae 1 c a! ne ie a we A eet a a chaneen ar con moles Acket stay oes = ere eannehee ase aMauw ors meoabag rr 
' ; ' ' : ? ,, tae + eS AArRetty Bi @yhg! oes ay e440 10 (864i ibvian cahpeecaacsie Mofang Seat > 59-14 eet a 
~” Lo . tek So gat! cayots San Lae 2 fF bry 4Ry As ag At ve Adfa.e ecw pri on hme repre Seu 
1 4 1 8 kee fa Ueeetee muerghearuthctsteerstesn 1h ye Ou sats iO Msdinihe sess a 7 oan Jace, a 
b] rhea pye ines ae Saar gat hk! ce | Peropek, wis shamare eet Brie atic aca Ae RNa Bite OF Meas, ohare 
. Z ‘ : ae i ae be 2.4 er . rH 4 oo 8 rm 3 asst santoasee Pera beeper = a rape 2% tate Mahalo ye bce: iT ehppa seats Tenses gastcoa 
‘ . ’ an >a rT us * Ta AbAeOde AsAne 14s ao IMs 910, OA SB te Chasey Rp Atti Pep Aat 4 ASNLOe 09, 
' ' . ay My o108 ‘om! @ Grate) lasted 99 to OU PIEARS bp Rit BEAT Fd PRG Bets eet 1s Pee Th pple 
: ' 3 2.4 = A oy Lely 5 ber RGA ia [Pah dln ds, * 2, aes wap ee 
. pl RE a Pe atectiee oto ale tectiteactete esis ee mee enn 
’ ; 2 a = te r $y é a GA tpg: 8 ae And a aoa eae gt rages Ae al eR get MBG 0405 Witla ad deb aaeies 
, : é ; ' elas ta ont ae, fee £ hese’ a. atte basryere pny RP eet rt Pome scot a inhoas Siagnem 
i 2 e tN ya Weert sore / rr as hte i p rid dhigel RAG Mt AD er vere 
, , F 140 SPV + Obes Ge ; 4 B Bee ts ome iM ‘ee 7. ae as, er casts bre fone k “ie. oe “124k aah ries Sinanibedy 
. nie ; ‘a he si bs ei 4? ai by asi PP suntan Ladatue ait i ie q4qais Da ial ae! be caf boat akoon 
a . ' ' 5 : Pia sta —* Me 6 4 od tpraglae hy ' *fmrmdboet ay 4, nae pata ala ya iP. ack, Pane rears) awe rane’ 
aos ce ys Ps eae a | ‘ Fe SY G bus hoa atts “ pe Af Marts, v tysitarcaicea aS nsage sas. iarass: <p heateaed een. ine. ery 
A nae . . oo pe ' ] + gag Sethe Me . ps Rp WAP Pdr lat 3.9 .bcae siete a: St Goll ROM EAR OEMs Red arn 
ne ene Y a a . e a ‘ Ad a Sigel Bese te te vigilante’? taut ‘¢ page salsa a %e Serie mon 9 262» tpmpaadiaahi 2 
00 ee oy at ee ee to ae tataer Ee ce tag arsed Seraph pare tops lk 
. a . * ! oi! aS bf * Safle d= 46 , 2 | thagde sa eign f Fete 
' . ‘ i gpegare bte t? | wlacd eed) 0 Fim the bofgA oh. dr dtgh 4 aséemg. 
, 7 sae s ; ; we Sr FAN f pine O77 mad -ge Ade ae ve . safle Geiser “ eioimelutiaatca’ Wi anen pe berebety wet 
a 0 " ~ 5 v2 a, Smt 4 ¥? = rps a ton 
We eas ree s ¢ ra 3 .: S " re ent these, ech Je rte setae mache gary Eps tydg po Seer 
ae 4 . hed i é we? dua ‘ndeh ! beat (had = hj % 14.6 a ry 4 phe rises bet- lop sasned aes® An be wees 4 
sa ' ' 5 oh 3.0) 7 Meee Bat} *- as 1 Any vars 4 fab Panny 4 Lait Ratios i so neagee tad mp ae Med enad 
s U F ; iat a , ; ome ita itty a Filet rere aies a % ha ae: faiab> x he lta mere meat Ceprey 
; 1» , an ae ' “ a ; oot Hat V9 ae rari mite ratte cok Mined? ¥ mae, Wh opty gelsetceetat ve 2) 
; ot » HD, : ua aoe eae Tapa reree ik aia 7 eae ee Ray: ey here delte aes pert ba a str te ected 
. C ae wea ° Ay ued * Fe: Se £* teat otc at a tg Ht bade, my efx e. Fines apy nat ss or iaiamcastee Re Sree sre wer yi 
: aay ' | O ; eA ; Aeig Wey RS ae wale 4 Fe ict Psst Roae ia Sasi 3 piel a8. Sin raf ephaes yh eae a 
s nt. aa eam toga ete ter agh ned apy ai Sapa fa Saga caae dN pei ceactyseerratohe Mee we ee eee orem 
as LiL $ ’ a weet vie . at ~ 7° 4 se ’ 7 er 
af ’ yo 1 ' ae ms ta: ha eth ob + Md Qokar” nady ry 44 pi Ora rer 
= | Pee ._* a Spica ae! ain rae Re ate 1 ; epdlestee 94 fina ts wn aie Sr terrbes tite “ ngtieolacs aan re ox aru Beas eda ocala 
‘, ° a tl 5 
‘ ' oe i + sda on ft im 4 ie me ‘th, yt . te 2 aca be Pag we sea ‘yi iele oaths. bay ane a ne shee declnerataertee tat 
— . H e ' - ' ' 5 in =" hed a hd "we i Lh er oe fa fm tefl by ae r ; 
“a= : ve Us “3. ue ; ty ga 6 a Ca Way) Hy . , fare ed ae ’ 
. Pu _ 5 Se 4 ’ ; a “4 At aeriaa pe 9 4 uM fg 4 4 3 Min <a A é ye ey andes Lyra) ayer $ s ze a Mt ates we Sh MES ett 
> ’ . ' » ’ . af bat de ai da 43 4 P. > » au28 yee ? tien Ralnde 6 = 
. eee . Onn : . c, ‘ vat 1 ee ; wea < © ite +, % x “ “Bt i. 5 ht Pe ayes vee, “s mh ayia) u Goon att oe nt ‘ a aan niin ie a Roe 
7 “4 aii u" ' n ' . Var ae ly 4 = temell wer Asbot eS pas Shy (s sheen 
' te uit e599 , ir ’ or eee dine’ te at ay) a, bg fay ' eee By Lerreses' mdr ay ee, mM ry ag 
he en glee a ae een ee eb Ot SRE Mita Ra coe toes ra hearin 
. ‘ r) ¢ =s . - . 
. " 2) ee aE * ae Le “* cea Vy ee we, Bal f3 hah eek Se i rac Pie Wigs Lives a pata 
Pi § ‘ t ' F 4 0 id abn . “nd 2 tad 5 Hae 7 Mt YW i Sacre: CMaerory 
Fi F : ' oe - ' sae . iy Hs . aml os i “B. 3 Jhizey 9 thy wr ngs eney ob PER woe ages ae &y wdangrnnee ss 
F 3 five a Ae 7. aed ’ ; , 3 y rg . ‘ R eye eo i * Het gee! ee + ke xitee men 
H . Poe Gein ? ; 
' ; F : F 1 aaen co tna a a! tis a. * i. 4 { *, 2 L ee eae uf re ee + wane aia 2. 
7 . ‘ : i i] a ak ‘ . oy , * “ m7. at Meg y ee" aren on a3 hats phe: Fag 4 +3 sie 
: . ec. ey a. Oo \ "? i "ae wag Sms hin a oehgi y Tamsmetods “ii. see aes, % Fah phe aS ia res © 
i 5 ; ee ie , % . Eri ’ st ' Ul = ow re maint ve Ste nite ag Vr 7 ai a Be 7 et Sapna ho er) 
. mee oJ ‘ oe ee =. E st he Ne ON Baye alee 7 ¥ SAR ‘. Te ee en gM Ae: 
A 5 ae r $ a bae® oP _— o 1h Sew et be wdihee Oo yr 2 Gt ag = 
aot ee ae RSE Nt Neconeetely (aan ciated Cire 
. — ; ae vo: (Ss eR ek iy FORTH a hdey angi tetera” Vea get ipone se maine 
: _ ; oT ns r : rte 7 fen S nde : 4 Mereny : 
4 i F - a : = ee 4, 4 . a -t wy! #y tei Ie wetieiay my: afore a on Eb iaarner ora aA) 
: ' a » ' , ‘ y a ie It ig a ast er vn 8 ae aE  isetowten, PR a perpen Oa vier get 
‘ 3 a 4 tate td 35 6 = *y ; ee An 
: Sia yr ne 2 Ba - “4, MER! me Mee dd ng i aegis Pr iy Sepa ne aati Mogan hte wl oh 
= ; : . - ort a. : F , 4954 |: 2" cae 
: oe i ; ' ' ase bd a i 4 ae “sae 4, Mf vg # ¢ A te ea Ss vy be a ee ae ta eas ried, ine nt Gig Perera one 
: oa Md ‘ ' i or an ten <7 a { Mente les foe bed atts Mate “ Bey, ‘ ais ts 4 eT was} At set os «ft ehh . pus Chana # 
5 A ' ® 4 "4 Ses Ag yy $42) wath a) 7 AesaeQ) Na lucrls ; ok p boat wfag sg evi 
: : : ' * : Te i Ce aR Ber at ee tee Fa mo teh FMF 
. % U ! , = oe ee: i ded 4 7 beads gine hing? ve sel th ee i beia ten 
. ne ae ae pos. t ogahs ew ' . 2, 4 1 Aly 3 a . ry ; . ty “ia ia a ux; ms ae 5 al poi" Foe pe de at ‘ts sedis or 
. . . U * = us ? os j oa Ue > ala >) Pe st : == iM y aN se : y io oy A rs wh A sine i5 nag Me nlootagad 
F . LI ' © San 4 . ' Piel : | . Hirt - 9 . t!, Fe ‘ . 
5 ie ’ . ' 4 } ain r] re ’ ' d bee Y. 1 Pry As Bbq hy pate s éot Bhi 
. . 7 i] ap oh S i] : = rr ; = * sieey i — wv | ne ea Fide.) Me He ; rst Disy forte ort et ’ 
' zs : as 1) ry ri yn y : i > : a re va “8 iy ats Fs pe Stet, rand be estas waits ss6e7 waleys s4% 
. . toa ' i” 2 tt aa | hy rte Sslags 1 ~e* JG cnn 7 Men sf ah ¥ ¥ Se 
. . , (ms : Ps ey tt * {s SIRd ng he whe 4 
¢ . 2 ' eo ' ia: 5 Ae 7 ' ‘ ' : i ‘ x wie * ot ; i 7 EK A ‘4 iw +e fgss. as Aad . “iolaad Bases pote tite PS, v 
. ' Neer + #e@rt _ . wae ' af io ae Poe! pe ee tj A ¥ Ady. ania Oat Foyer 88 ger bo inf 
; ' : ' ' e raat , ’ 2 - A ea a < st “age: Bye ote) oo NBs, Shae oy, at Lies rey “rt pars yal 
D ' ' . Lens : on ate fae Ona sé: g 
. . oo Hie | t¢ ' - *% 5 |» oe. 8 a & Lb Rett ag « 
' ans . " 2 ' ; < os / 7 nt 4 I 5 tg a Vee i : pies x at We hy * z ae ae Hate BR i: tense santiy Prete, 
' . fs ‘ . 1 : ' fag a Re * 4 x al “st « aero i 7 sit nts: Pee ang ga afi"; nets whl penis 73 Mea Tadiet a for by zh. askah. 
. . Dee F « ' : Ly ~ 8 F fy : if ) 
ma ; ') ne a. Font estan .3 nara BE t ve Coes set mK: o é ey, ce es 
. : , tou Ae i FM Aes iy 8: re a ue ve Naeg ty ps it i a i Aa salen * 
A iz a La a , € 7 ' =e? i “* as a 7 * 
i : Bony . . 1¢ re) ' Peaches te ory oA ; Me 4, he a . Ne 2] bes agicts af 45 wi ig 16 é ; ween 4 of 288: ot 
r . See ‘ .! A , ‘ye . ty tee os afer 3 of PeTith ee ‘ §s wt ‘ha seh ms Me of: it. ask ry he ‘ Je SING fat Ge an “aug? ‘ eeree ie | 
. . * e ‘ s 2 “ ee. ol te Mw af > u y iot te) be * 
f . ; : ae wo ; ‘eee : ae ee ewan! an Gb ay ‘os ; ee tad “ys ie ae * rst TOON EIS Hee ees 
‘ ' any, me : "Mas, ye Ho ka q8es ian ead 4 tee tee iy 3 WARS ot 1X Th) WSs . < f at > ee err PAR 
' : an y ' — im ’ hie Pee yycngat en tony é at ow £3 & De tangit none es fue chee 
. ql . : ' t : e vhe ‘ the &.& 3% ene tt afetses nie ee dUte eo he LF tg “§ cone tue" € 
é - A ‘ es rie Teer ‘ae B opans ¥ ee ey te Aye. 2s wel te Hiya seen tes Pas AN "ante pare net 
. wu p Pa hee , fers = | ‘ Bs : ; ed 
' o 1 ' ’ - y a en ' ' a ; - on wt . ¢ Kare i, ; , ’ ‘i ve Au hee 4 + ana ee an tai fades 
' Fi . nd ‘ ‘ hha ! a sj q ae 3 : . 5% kin 2 i oe at 43. 
aoe va foes a ' 7 ms : PPT) : f ay t aay rihs ry ts, Bs f weytis a weed ek 4 Sah ee ahee wah 
. ' ' ieee ' 4 Sk del $ 
é A q oa : ea 1 es F ’ ' es ' u eyes! ie oe es oft \! Mie 5 ce e “te 5 aig nee eyed Hsia at ie 4 
i ; yee a mo oC oe T 9 8 ree Sed af LUM be LNA : f 3 Zieh AN Flee’ Paget aera 
'. . cea ' ats if oe ‘ C f >» oa ley 4 OS FY ih ] ate, ‘Dh sealitih rosie id ‘d hide se Chee 
' F ' ' ee ; ie ee 5 ; ris Ut cs . A * of ay ie M, 5c 7, "oes is a4) oy a nr is ate +e eek hes ee ati bey Hs 
: c . oo ty ts ft 7a iy ai wy 4 3 “yi iat f Visy whee ea age ae so eR eb Fee Hew he 
4 i ‘ * ‘ ea ¢ bd a Ngo! eo etna th dts ie pyeg's Zi 12 rT¥) ait a 
, ‘ me : oie ‘ < oe. { ER) + at ine, ee Motte 1, 2 eT aine Herts Came. co ih 
; Boo A. oor ie Pal ire as | PAO Oe ‘a inte: A fs reg haktd eed abet ae “ ae ne! fey SEN ci m, 
a ' ' fa . to €.s ' fer Sr é as yh ' gy neat vw, ao ore dis ni Hk sedi vet! the Bere | AE st 
. : at] . ' . 2 O prettiate OKs wht x whlg 4 I ars Thad Le CO Gol] ar ef . 950% on ea a: ey Vesta" 24h gf 
' : n ' tig Y ; i F & ” rT . F pts Wey ik, rt et hel ae ‘eu Le ay te 8 \ i ‘6 4 oe “un re 
G ‘ . De a Pau: ee BY a Aare ' a tscaue we ae as fretot SE Fates phey, ty Oh on ors, bh oF ot a neva Lf, oo Rectory ett ‘bs se abe fa. sk 
' 7 oa F . 7? ' ARACuE ' “ ' e ¢ 04743 418 ae ‘ Ages se os fate wy tg ae ar 2 ag h. ete tie 1% see t a teal terete ae Lei 
tT nee 8 ee ee oi Re REE RA tan et Ce! “tnt hit ta aed ia IE “Ze 
' "ler PP as . te uy Pd “este as a. re gary fae {Suerae fg us Seon Sere 
' , i ' ' ’ , | ee CELT : . = 4a "3! se Ua Fob ies qs nit Hits “4, cag x ay Hs oy ort a 
‘ ree oe 7 ? , oa ar ' ae ‘ a a oR pea tere Loh SC eS IU Ns er a fate 5 .¢ wpe? 4 oa vet cat yet Be og scsvesy gs fag! 
Ta oan ‘3 Bete ot ‘ aes NP agiets Pe ae eH 
; ; : F ies oy fa oes . y Pec .3 ee ‘ike: ee tt See in, ly Mit. tient ¢ Ps af . at fi sactes et if eee Py os 
' ' 2 is ‘ : i We Be 2) UE ; fae i ‘ Bysekake +) ap ghee ea Aes / nfs “oA Uedeeeee V8 af 
‘ ; on ; ‘ ‘ 4 <a os § : Neca igs 0. Dar eee ame . a, ea “as he He : ae ere ie eye tie Cat, COE fn ie ee ns “Fgh eae it a ‘ Ste hitb 
as ' a ‘ Pigs i of Fen 2 ft Cea) ae feret r,! her f ° 1h ae aes fee: a Capea 
a . 5 ' ' wt mir ve ’ 5 Py ’ gt * 3: > fre fr aM ¢ nae oe ome F a 2 of 
‘ " eo ee Aly wf F a Pe aa? ‘ q ~ ‘ af beaaig a q , eh yh @, ae one ave t 8, Se aia 
it : ae es ae a Ve ae 3 Ro? t F eee as ye pee rhentigls ae ‘ t iD ‘ be orem! Bele ts pen ow ti we "agen ‘ sh aay id Pi ho Oa Kotha r 
- ' a ' , fg roo A ae anal ee Cm eS Yet! SI spnteey ae ge ff Kal Feet, ¢ gtr te #t he = em stats ty ed IP, She 
“er ; 4 : : Vbed ay - th fire a “rE hd ones me ¢ 5 (get tyre 6 yaraey Ve Ace enuf are: Pen atest. fing 
_ : : : : Boi ae —_ ae of ae gates wt et!) th hee ph CEN al &. ye "73 Anas Bt! 5 wipe gh etek as Sale ‘ Spee ing 
ai i= it Or ed Pcs 1 ‘. anne é ri r Ce oe Ny sad ye. Aes 
. i : a cde . ay es "A ' . ce ' A f uae ris a i? rote 4. a i use a Hu ace ‘ Con * : oie Soh et, § fats ye iy “19 tits ave Soy a Be apeh hie 7 ne 
. ' y e "0 4g : A » wi of % q Lah ' a We 4 3 apt lings 
7 7 zi , . f id . # ae ; : Rat aye ie cai! Pp ¥,5 r x Wer f > 8 aaape att iw 2 Pk: rgive wit pet get aay ais oid. is a 4 
c A 7 . ! ; LI oe 4 a ot 84 Pas Wea at tae, TW Ht Fo go tata a¢ fi (He % ay Mise ae ih GLP | Pe ai Py Pe AK Meese yas eee asene fo $ 
oo ae ' a pou ae ’ f st ste Faget oF 7 AR, a * Ea Seats Waer x oes 1 ptt! ite Win ei oth rele “Liat we igs. ape te 
. “ ' ote ‘ * . e “9 t'ile Ll] + 5 ee "os 4 . s, 
: oe . "se ages SMe Ged pe , Si le eee: fare Ti Teles Bt Neue ran Ayal, enya "gages 
| mt Oe yo ae pate AMIEL Btu a Gc le hahaa de aie ape eS esa 
: s ’ 5 at) shee ‘ act i Pe i Z ee 7 
: . tystie A ONG to : Res “Ay jie he Bk eb eS Sunes | 4 ae rh * es. fy peas p i Nate Ret ty cate Tag 
7 : ' 7 no etn » ' y tae aut ; SER ees, tf eee e i ee ie oe eet ahiaig Wigatengis ed haa angst) ete ean eg faNgn4 Serge ra" : 
£ : U Cte . Ny are ‘a Ps rT ‘, eo cen 5 . f, oat x set the 4 ‘ a og mete ED Maienite ¢ [AS eeu ith io rT eerie BaD seg ay: <3 
Par hs ’ ae . <A ‘4 ES Say wate 5 Shoe a¢ a ees # i a rn, DRE to ta tut a © Oh Reat tee he o vay ue cate gp gee LAT hel rg Lis wae, eee: ' 
' ah eraetal ‘ ¢ a Joes Ae fey UU oP ae Po) fre > ow Sete pe pt A he oe os 
‘ y : * SS %, ean ee {, et LSC hy = Pe m . 0 “yy gone peice re ne p> art ravyy ¢ oo Us NT Rater pe & UB mers % PS & 
° i : ‘ “ Oh rot ae . + es We mE * io . a de bea, petit et ag Pea rte a by hg he vist eg Une CRUE ey ae 
: . La Beas oe U ?, ¥ a : 2 ' ' Sel etd forse t& = “ “ me Me cB i apna he tue me } - oe stays Le ee “ther 2h ie pA ad eed 
1 ’ a ; Aa Le een “ie fs Pe . ‘ aD CS eh Are 4 iG, Caan 8 Lag site ae ¥ Cnet ie bee 2 tee b on or 
a ete aati ry Ra < Ate . $ hee Mh ase Opens Se ae IS Res 
' ; aes : Dee Ao Hen Ae 0.0 on asc ae ’ 08 ae? ore, ane Oe ! hese ig! - a het. ee ee CRRAMS fr Db tds Wet ee 
PRR rt, oo ete eS GS BTL ERD Matar st 0 aa AS oe nels sie mebabee, ane nee est us 
. - ' 8 4 a4 A = *, pent io * 
P ' : 7 i ae a : : i re r - Ne : c Goutal aa € eae J, z, a pee eit Ve - Geb Tet en A Cie hry, &: Th ete ay oes. ae ae eewele: 
on = as "@ 5 ? 
r ‘ eae * s aie as ans i i (4 p ae “ “C 2 lie th: f nie hae wes Fes) Z ae fe wets is, ree : fe sided Af H EMtee pb 4 2 ae ya 
' Rice, <c rr " ’ ws fh ql ¥ oy P et. - nan? 
7 ' ' ' ‘ ‘ ae aur ros “are 4 edn ars = gis ae ooae ope abide. ae eee 7 4 Mopizte ae os Bete re " an 
‘ . ort Ok Chet cia . cd . S$ vs eet] foterel ye fy gt th - oe i th ® Fr fouge 8 i's or Bae Nivey ake pane sa hwon a adiprinag te uy 
: ' # ' a ' =e ' 1 ‘ . aa i ia é ae « ot orn — a tat teleia had ayy, Ne a 4 Haye '‘ rs wt art a yung “at ber aes tae ef ne pipe pes 
: a ae 3 ‘ Riya a's de acne ade vd eat se es ‘sae. Ot a ae fas digt ys vs ‘ z, . Read suse « va Kom vine bar a eee Arn * ere a 
' . ae ' Fir eat ; ce Cri a d ¢ 2 ‘ ' - Pe ce 2 ane ae . . tha : Weis ar Poenserwltt 0404 " Bs fe heehee ate Nite’ 
A 5 ae ae ps + F ehag ' 4 AY 33 ! eae a & 4s A Mes vee Ra — i ’ Siall Py % rie sovtape es Fag va ae J “sw gies J 9 a Rage Task 
’ . oS . tae totes 1 tr9Qe o - rie 1 Wet phatyee y ind tae tse 
1 dal - ' . ett J ie ry ' - LP ito 2K en a Oar ok cm y.2 e BE eS " Fie, te Bd ge AN oh ge es yer hen eH tar nga $1 Me 
: i 4 A + a ' he cases a ' Se ou _* vs ' fe 5 Mos ea 4 uf 4 é ies a BS 55s a Car a Lede ' Nptts + vr tater ¢ cy te 
‘ * A a. Las Le _ 4 ‘ wo ixdi Hy a del ae OL Ste te ee . Ne Wed gene set ete Kak PE) caine 
a - ‘ ' 4 ) ean 5 ere Gtr 1 « . fatale 4Fri- e. ot ue “i ley eas ANS jst hancite Anite te ate eer dy KA 4 ree Rate, Te wt he 
wee . ' ; m4 a ae , +? | i ' 144 rime f wt. o! A oo fj tees pe . Le reas He ae >, ‘ Be sine men "ye pare? Heh area: ’ ta obese 
; he a 6 ile - oe tuts " A te wae vghie tye Py % Qu4 a “a te S08 ae ae pa orld 5 aoe 
|. o° : nee ie ae ae / rae? ‘Tn ae see Piel Sere: aden cn " nee af sii Hehe Ne are ” Het ites . ytateeety ‘ beret 
' aoa Upnien ca .8 re tL; 5 : 1 ' ' o5a% " aa (ee R 2 yd gent Ste rk fc Fie oe i t ; ee a ; eT rE Bee a itn “9 CAL bh 
' . *. . aes ° ry 7 > ‘ 4 . 
; os a apes v7 ae ; “: an " y. wet » oan a He . cz ie eds ‘: bcs “3 | : ee ire pa yi Bey et chan “4 aig’ pe slau ies. meee Nees 
. ea ‘ ‘ A 8 natok & a of +t 
? ey ; eee * f sD Venere F ’ s ' 2 — ae a aly is nae Sa Avenies as thy J Eg ait: ai Pr oh ie sedans Be citerstas d pation pitas: ees 
, : : cae ' ‘ y : ue as i 4 8 eae 9) : Ana 2ape at oe rie 
; ‘ ; : a Pere rm or oe pte oo ne a “ a “a : S ha . t Lt Se * : . op eee erin paoaee ive! paren 
?¢ \ L- r ' : 4 % , t ' tea Pe eee ‘ ‘ otyha w 90 pom 
‘ ‘ ‘ ; ‘ ren a t it , : a ae : a) ' a = Et: 1 Morn 1 eos, A Sa ; a | S ri A mt a let ee ete C ate! ete aes 
. cei . ‘ ‘ : pue Jel a Am ated erry 0 Reg, oth Pee, Laie ay Oe ee if uw ~ a Ti gms to a ‘5 pee “ yar a bbe 
‘ hes aurnty 
a 1 ' ‘ ° iy 4 ' 1 OF owes " 4 ' tn ' =i Citier rir at nf, * eta, whee Su gon rot firey ate Raeeant ty 
‘ ' Weg is = oun 4 ' De A ‘= a Ae eo eo rich tah 4a ate med sien Cae ath Ups he & (ts yee Pam rye ley tt i pases; Uamitee= a ” mae 
? ‘ °° Se es "ae . ae Pi ee bee tae a pr e Baty ag. tar ri a ron aa OS cecil alla Soyyepave aie alana 
ed 4 woe “ 4 i we Uy a a L . fue § Ad aby Se a ¢ wa os ute ewe t vf seed aly brat dj es Sth eh bd 08 bt A ce or, 
; ‘3 Ceo “ iu oe 3 oa GS Sera Ca Fu ae ai See & site ea ta ages ph Gate Wortcecne eet aah Acd ne ta 
f ' di ' ooo ‘ 4 : te ‘ Wigvalvet ao ter a 8 Car tee nth hata , os ror weet = ‘en Ve tie Psp ict ag 2 ral 
' ” a0 (Cs : 3 ‘ nae ‘ SP . a ay We, Mees $ ' “Ain i beat, eee aes Fae pene eutpert addy ae rr Khe . eae Roane en ia 
‘ i ‘ Pe aoe ' ar) on 4 ture eee Ce | a rte 1 oy wie o aa Yea at itacsae Be pant J on etal LG abito! ae pe Lees 4b 
’ : ' ' Chalet Dee ia) totes oe “at 1 uo Use see ree wie «deat * Tp MGS MeO ene alonleeene ee ices 
s rn ') od ° . ry ee | s e% ty u® an Sata ow foe ‘y Sie “ sar f 1g ewe E are gore snot yen rie » 1 
’ » fee A, _ , pC CC eed Ur F ~ "4 Wee aa fs al pepe ay BVP af preee 4 * pve 
' ; rea ' Lid va ae ‘ y’ fers oe be 4 ; “EC ‘ < ' "\ Jee Khe 4 : eRe te sat a ' A yy ee hoe wipers pet ‘eet a pyle Bee ion iat agietee tase na cA ceive seal to's Sane ‘ 
“ ' ; N i ey 
i . ji % 7m y = es aa ee ° ve ae ok ? weet Sarevmal ice sy tf fy OR eas ea 2 ppp eda prs vyieey 
' ta « ae e . . ws > 1 ‘ ' Be te , o. vw 1d esate ty ra an , ton i480 Pairs » le 
: ' Bs ' . f Ais eet * ‘ U ey ous ea $ A er >. stele a6 bee ee ane Ri Omee OR NC e biel oS 
; 1 8 se teaevog ‘ ' we. ros r oo Mat. bese 4 rycen Att bb 
F ' . ‘ ee eee ite = ' ‘ HN em rae a : eae ME oe ae See ra Wo tas ma 2 @ “s - ve ao ae 2 ape tBYs Omi Lit, s as ren Retain i aes 
4 ‘ e . 1 ies _ . "ya 9%0 a ° 3 De Ld BiNas es PO v1F0 oDE Gye ven 
ve ' ' ‘ ‘ - 4 * Fg Une , Pee ae Lag Sun M Re ‘° ¥ ; re a rye tia tT as ae dee ; a - aya Pat ata Bas ate ~ : 2 seals hae od ebb Seika weae ee qeatytyen Uyepeay 
. ' ‘ ’ . I ” ‘ 4 serete « Weed (ioe arent 
. ; n bo a ' 7 dr 4 ae u s . ’ mas ict ‘ ae Ip An gt sg Dacia Y "Ze ae aL ° orvsigy rs ti ox Nits ‘alae tg! arti VA hh! nie tie fon pei ae ae yee 
. F A .- 5. ’ ° _ ’ a f we 8 4 ony 
i] : ; ; j {Sees iatet mew : ; “4 * 's e" f ay am ‘ees A oe os ‘ ame Os A wits . a iy RR oeeih bh Fi ‘veage iy ett i 4 Ta louanei ig eree aris res 4: ary ya yngyes 
4 ' 7 wa 3 . 4 « ae e 
| ees ee ee + pas “he A RY ahh ae Le a *eadap ais seoel ge ga okt anes neti, ext A alan ated vere aa 
U ' 4 . ’ a — e : eee oa we Se oh seth’ (74° . ve “yu etpnh. 0 “e Th a Fee seb er 1 PFS ae 01 ePrtvwarer GE ab he 
. A a . Ha a i Hee 4 fio) ry mime ta, WP. Vet is barr hats wal ¢re oF Cows phe eeg terol ree -" ary 
* : oa4 ‘ ee eer Jem Usa LL eye et Pan) Pte i abyss he at ore SaNepeas a ay a wo uhm ioe a Ls se ESL SL sd Cte J raghovas 
' hile . e et ‘ "MUA ates Fo enue a: ea I |e Or vs ; Mey evi ete plates eee Tea Pepe feats en Grseep Tht ibd “ 
' : z : ct a4 me i ¢ ‘aan y : ea " ie ce we ie Ulin hs e! ee ee 2” tates a8 WSs mm Carne abstr Ae addy crane daft sv U eeaee sapere ney Kean : iaetetn rate: Pe 4 
' Fi ' nee v ; : ‘ . moka tet eae Beer ses 1 ae Reeacaterniet = Ca ne ey Pre) fonts a tree ps tye et eve ASRS ce Fieigianiinraunieetaseter 
2 ' 7 ‘i a t b | 5 fe 4 8 a Pe ee 4 erg hte ed a ees Aa Pe eee ie Ors pe dl) ea SU nA alg owe Velarecingere reset '‘ 
. F ’ ' iB ) “% ren t <4 ' af, apcacs CS) ae Re PP rw wu ay tees, 9 Ly a Paw grh bh “yh Pda. vtaalany Mates (ack Sidhe deal ih 
4 ' ' si } “8 a res ot pe Pe a part gee 8 Ff. 71 WP a ‘ weaet roe yin crease rane x, renee E be Leta a Det ge 058 6G” 
' _ hoa le a ; i ¢ sive ot a 2 = ‘/. owe ore iets ONL Pm ety g eit Pye Tur ar Ae vatane i 8 FORN a Ae LP predee ye Gen 
ri 5 t Boye Wi ti” ee, ae eee oe a rier ns i464 ed <aeae ey Bye a. Phare rT ia) 9to inant Pe 
e ' eat Od id ee Ve ots ie Se a oe es Ci... ry a” H st GS Pu tyeg mn, a Wes yaa ton ROI acpersct 
aay ba Ue aie ; ' 1 r “an my 1 a Toy sor e eared “, ey Meare nea nee 4 Tia sie Peden bl a) 
= ee s A " ao Past Gane 30H A we : Edo Jak 4 : <4 wm yrRen 1 te ry Myrea l 
' “y, - ees ls rine ee ree ve ! ; Tak ee bt Bree tee a ‘y He gy Eh oer Rea toe Sosy nee wa 
LP 6D) PE 4 4 ars a ate ony % MU LSU rhs he fi. * vm Ne le en ye: > yp tng veys gewes 2 Me dad arid eS aivtesigenmeye tna ge arate grgs el, 
‘ ' . 1e ae avs ' : ' par a eeeae ry "ahi ne ier 4 i nm a Brant Ase ! AEE da ths ha Hah NV rRee de owe AF wt OO 
' ; e ann ' an a te 2s ee & ree 1 TEE Ba) con nie sue ey Biases bh ahead Bid PRONE pee vee Peateeer esti a pipe 
' - 4 . ' u (ace oy Hp ma per see ales a Pata $i aye rr aie Pik bi ke Bh et bn aa Ad tS 6 RRR R WR ee elarigt am, 
" : ' x ria a ote ea iB He Oy oe n Ve tof 3738 79 ph ep PBR b sah ETS rh, r04 108 ope? 5 ge gander OSE 
r . es . ee - i ‘ : ' - Ra 1 ‘eo ; ‘\ ‘ y bp ly ¢ ' as Me A is eet Fave ga sur “heparin pi ae ateetet iehrwertety eons fo gear de FrP an, 
1 ae 1 a ' . ™, ' pede 
<4 ’ ' . ' , ' a i he! a Bowe 8 © ag” Wr Pe, wee Mg Une be vs 4 oor 
cus UU ‘ s ar) 7 Rs oe al i ag 1 FH NAN eee OTs *9b rege Me! yes sia 
9 AY é ry v See ese caper e!. yinh V4 aa” i as J ee ao nye be} ain wer ous Neeser 
: : . 4 Ae ‘ ’ > ‘ 2 Be tire pus ra can. aes ae bar ihivatastn st von Zee eye ated. pease eee Set ERGY Hanan ye gin” 
: ' ae ‘ ea et. Se oes ee amined ¢ier. oe i mak 2 wes teat | i Bae te orale NRRL il pl Mii yyecua tate eatnret wetter 
‘ . a ot a Sa Oi Dek es ( Cis eee a OTR we WNP des hs el ee Fee. Togs ae wets i39 reek! TG ee I Pew ee Bile ik tit ee tt hh 
A ise a = 4 * wie : ? ¥ afte Fos wwe ane Wfigdsa fous aed Prue ST Fs fh tes te hk hn kb Oe VU Tre Mare ever rr Oty 
- . ee a lee iw: A ey TGR RAS oT, ESNet cet ne ee 
Fa 7 Si 470s a. pals Stu's a@ et eg 4 ee axe 
; TaD hh ' @ “,3 8 Pe oo ie -  hM cs a ine Susi ttan tere ees Re atayh vegrtcyere tanepeny" tats 
' i . : . $0 os 1 ‘ eesti hae Ors Ape eRe “ster sieartornee ie Keer iaceeye yak rh ee try Mal baa 
' ; r fe et Wer ee es 2 cg hae oa Ces admgape NT ge Ls AB oth a" v meals ate re 2a rea Maye rey pital ona att 
: ae =a ot ‘ee? a ee " §; be aes cee, “ity tpt sieip weeks Owen P WOVOrtey tary Orb. oe oe evarapre tes srarpgnee 
1 r By Be, “pee 5 ¥ 
: a ‘ ee NR Oe) a’ ROMA e's 0 “pat EN | Saeed werk Tange wire sre ey Ney “Wy seaney aes & rsaneeae 
i > ae E - ‘e Ae cM Sena a Mi ere A 4 ~— ne= rs 1 7X pt) pie Li A : fy! seine tyre? 9 weNee aE nese 
. & ‘ Lee ‘ :,! natn ‘ OUR et, ms ue 4 a aay wie ’ ; eT I Sorting bee? 34 foxes " Seba a ote a att re seevueay. 3% enn coer POE: 
- ' Liat i? bees ’ “pivy we + Wee Vhs ye re © 0 ay’ F 
1 u ji : ‘ ' ; & & F . yen pa. (7 : a 4 ae Fy ‘ vies boy ut - rs nas wong woah ye ps peere er arg ery San a Beara ae mest-neg 
ae Th ee * ; ‘4 aaah \ 7, a gts «7 ah. Oe Na de roy é pope ae Bd bh i pps Citeaee rr weiteres Le a iach a Beutse cinbwasete 
. . s as . u 
: es . ' pa ' ee 1Ps br no My Pa N'2, “at ma? awigpeuee gar pags 
. =f : ‘ * od ae Fi vert : 1 5) eee + ry or 2 et sd 
i ? ' a 3 air t . poll if 5 e 
1 * e608 er s eT 
' ,’ 











NAVAL POSTGRADUATE SCHOOL 
Monterey, California 








THESIS 


- 


iF 


AN ANALYSIS OF BUILDING A SUBMARINE 
BASE IN THE ARCTIC 


by 
Truman J. Best 


March 1988 


Thesis Co-Advisors: R. N. Forrest 
D. C. Boger 





Approved for public release; distribution is unlimited 


4 3 jek, ( - 
# rd : 4 
| & = = 4 { f 2 } 








SECURITY CLASSIFICATION OF THIS PAGE 
REPORT DOCUMENTATION PAGE 


1a. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS 
UNCLASSIFIED 


2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT 
Approved for public release; 
Distribution is unlimited. 






2b DECLASSIFICATION / DOWNGRADING SCHEDULE 






4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S) 





6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION 


(if applicable) 


6a NAME OF PERFORMING ORGANIZATION 





Naval Postgraduate Schoo 





Naval Postgraduate School 





6c. ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code) 
Monterey, California 93943-5000 Monterey, California 93943-5000 


9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


8b OFFICE SYMBOL 
(if applicable) 






Ba. NAME OF FUNDING / SPONSORING 
ORGANIZATION 










8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK 
ELEMENT NO NO NO 


An Analysis Of Building A Submarine Base In The 
(Mig er ealke 





WORK UNIT 
ACCESSION NO 





11 TITLE (include Security Classification) 


12 PERSONAL AUTHOR(S) Truman J. Best 


1a, TYPE OF REPORT '3b TME COVERED 14 DATE OF REPORT (Year, Month, Day) [15 PAGE COUNT 
Master's Thesis FROM TO LS oe Mawen 


16 SUPPLEMENTARY NOTATION The views expressed in this thesis are those of the author 
and do not reflect the official policy or position of the Department of 
Defense or the U.S. Government 

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 


FIELD GROUP 5UB-GROUP Submarine Base, Cost Analysis 





19 ABSTRACT (Continue on reverse if necessary and identify by block number) 


This thesis is an analysis of building a submarine base in the 
BEctic. The analysis addresses the value of a submarine base in the 
Arctic in relation to the growing Soviet threat in that region and the 
Bedotorlity of constructing and Operating such a submarine base. 
Location, command and control, force operation, logistic support and 
appropriate force size are elements of the analysis. Also included in 
the thesis is the cost effectiveness of the Arctic submarine base both 
in peacetime and in wartime situations. Based upon this limited 
analysis, such a base appears to be Only marginally cost-effective in 
peacetime but substantially so in wartime. 


20 DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
XJ UNCLASSIFIED/UNLIMITEO (J SAME AS RPT [] OTIC USERS UNCLASSIFIED 
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 
R. N. Forrest 408) 646 2653 55.0 
9D FORM 1473, 84 mar 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 


All other editions are obsolete ® U.S. Government Printing Office 1986—606-24. 


ue 


Approved for public release; distribution is jue 


An Analysis of Building a Submarine Base 
in the Arctic 


by 


Truman J. Best 
Lieutenant, United States Navy 
B.S., United States Naval Academy, 1981 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 


ee 1988 


155 


bE 


mY . 


TABLE OF CONTENTS 


TNT ODUCTION...cveremecestememeeree so 6 se See CS ee iL 
AR@lrEC SUBMARINE BASESOPERATIONS.......... Ss 


A. BASE CONSTRUCTION AND THE LOCATION.... 3 


Bie OFAN PANDMCONTROE 5 s,s wc te eh we ee ee 4 
C. ARCTIC SUBMARINE FORCE OPERATION...... .) 
IDs | JHOIEIGSMLINGS SUN e0s 0) 51) Seen ne 6 
ARCTIC SUBMARINE FORCE SIZE ANALYSIS...... 8 
homme CONSERVATIVE APPROACH. ...2essc00600 9 
Dre NWO M mora nReM MODE . 5. 6065s ee 6s se ee 10 
Cio RSTO TEL Sy DITO IS OSS) 6 595 41s Ouse e nee One eZ, 
CIOIS TID (AINE SESS eb 50 14 


A. ARCTIC SUBMARINE BASE EFFECTIVENESS...14 


ime Peaccbime AnalySiS... 2.666 ssseee 14 

Pe ciate MOU AN ALY SLS ..4 4 os 055 6 cle cs ees es LS 

ee ©) See GE ru IGIN ENS S 6s 6 66 Ses bests ss 0 es es 16 
1. Cost Savings Accruing From 

SPigMieeineS  SAVOC. 5.5.26 isc + 6 ts 5 5 se 16 

a. Peacetime AnalySisS............ 7 

Deeeicistlie VANaLYSIS. <6... 6+.0.65 0 18 


2. Cost Expenditures for the Base....19 


a. Investment Costs...........ec- 19 


Laval 


b. Operation and Maintenance 


COSTS 0s oe 0 0 « teers ote e totem en ene Ze 

C. Summary... .. cc ee « 6 5 sie) one sietst ots inant mnennn Pas: 

V. CONCLUSION AND RECOMMENDATION. . .)3eseeeeeeeeeee Z25 
LIST OF REFERENCES... 2.2552 0 ccm « a= oo 0) et een Pag 
INITIAL DISTRIBUTION List. oo eee 28 


lv 


UPLUV TirAY TIRPARY 


ABSTRACT 


This thesis addresses the feasibility of constructing 
and operating a U.S. submarine base in the Arctic. 
Location, command and control, force operation, logistic 
support and appropriate force size are elements that are 
considered. Included in the thesis is a limited cost 
effectiveness analysis which suggests that such a base 
would not be cost effective for peacetime activities but 
would likely be cost effective in a conflict with the 


Soviet Union. 
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I. INTRODUCTION 


A Soviet SSBN or SSGN in the Beaufort Sea is within 
2400 nautical miles of Omaha, Nebraska. The U.S. has 
conducted ASW operations in the Beaufort Sea; however, 
Soviet submarines operating in that region are a potential 
threat to the U.S. Although technology for various 
submarine detecting and tracking systems moves forward, 
SSNS are a necessary component of Arctic ASW due to their 
under ice capabilities. As seen in Figure 1, no Western 
nation has a submarine base in the Arctic region, while the 
Soviets have two submarine bases there. These factors 
alone suggest that a U.S. submarine base in the Arctic 
should be considered. 

Factors which should be considered in the evaluation of 
an Arctic submarine base are location, command and control, 
force operations, force size and logistics support. 

These will be analyzed, both qualitatively and 


quantitatively, in the following chapters. 
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II. ARCTIC SUBMARINE BASE OPERATIONS 


A. BASE CONSTRUCTION AND LOCATION 

A U.S. submarine base on the north slope of Alaska 
could be built using conventional port building concepts. 
The Scandinavian countries, Norway, Sweden, and Denmark, 
along with the Soviet Union have already built many ports 
in Arctic regions using conventional techniques. However, 
they are limited in usage due to extremely cold weather 
during winter. Also, yearly port operation and maintenance 
costs are very high, in part because of ice forces exerted 
on structures that can result in extensive damage. 

A possible location for a U.S. submarine base on the 
north slope is at Barrow, AlasKa, since it iS an 
established town and the area has been well researched by 
Arctic scientists. In addition, there is an air strip at 
Barrow which could be used to fly supplies to the base for 
logistics support. A temperate climate could be achieved 
by placing a dome over the submarine base. A portion of 
the dome could be made of a clear skin of reinforced 
plastics, and the base could be heated and powered by 
natural gas which is present in abundance on the~- north 
Slope of Alaska. 

In July, 1958, USS Nautilus found a submerged sea 


valley in the Pt. Barrow area that presented a deep water 


passage beneath the polar pack. Thus, when a submarine 
leaving the base reaches this valley, it can safely 
submerge and transit to operating areas via the Chukchi Sea 
or the Beaufort Sea. On the other hand, the Pt. Barrow 
shore is very shallow, being typically only two-thirds of a 
meter as far as four miles off shore. This presents a high 


cost in dredging the harbor channel. 


Bs COMMAND AND CONTROL 

In order to operate a submarine base, some sort of 
command and control system must be created. As noted in 
Ref. 1, the U.S. needs a high level Navy advocate for 
Arctic theater of operations. The advocate envisioned, 
Commander Submarine Forces Arctic (ComSubForArctic) would 
be responsible to Commander-in-Chief Pacific Fleet. This 
command, headed by a flag officer, would be the focus for 
all submarine and intelligence operations in the Arctic 
theater. 

Although submarine operations are the reason ton 
establishing ComSubForArctic, Arctic operations involving 
SEAL teams and the Marine Corps could also be placed under 
the command. Those responsible for Arctic operations must 
compete for attention within their own commands in order to 
have any influence in the highly specific Arctic warfare 
arena. To affect policy, these officers must influence 


decisions impinging on Arctic operations in a setting where 


their superiors are concerned with operations in a much 
larger, more general arena. A more effective solution 
would be to assemble each representative of the scattered 
Arctic communities on the ComSubForArctic staff where they 
could directly influence the Commander. ComSubForArctic 
assisted by SEAL team and Marine Corps personnel could 
develop plans, institute and conduct exercises, assist in 
collecting, analyzing, and disseminating intelligence, and 
facilitate logistics in an appropriate manner as directed 
by higher authority to ensure that Navy and national 


interests in the Arctic theater were best served. 


C. ARCTIC SUBMARINE FORCE OPERATION. 

The present U.S. concept of Arctic SSN operations is to 
allocate Arctic periods for SSNs deploying from the West 
Coast or the East Coast as part of their deployment 
schedule. There are no submarines specifically designated 
for Arctic SSN operations. 

The proposed concept of Arctic operation is similar to 
the present U.S. SSBN operations in that there would be 
rotating crews for the submarine force. For example, three 
crews might be assigned to two submarines. Each SSN would 
make a five month deployment and would have a two month 
inport period for minor repairs and proper turnover to the 
rotating crew, then the SSN would go out for another five 


month deployment. Each deployment would consist of two 


months in an operating area, then one month of training and 
readiness exercises, visits to foreign ports, possibly in 
Norway or Scotland for liberty, and finally a return to the 
operating area for an additional two months. 

With this concept, a submarine would be present in the 
Arctic Ocean 16 months out of 26 months of operation, at 
the end of which it would enter drydock for four months for 
repairs and overhaul. It would then restart the rotation. 
Thus, for a 30 months cycle, a submarine would spend 16 
months in the Arctic Ocean. This would meet the Chief of 
Naval Operations’ requirement that personnel spend less 
than 50% of their time away from their home port, while 
maintaining a significant presence in the Arctic. Also, 
with this concept, submarines operating in the Arctic Ocean 
should be more effective since crews would become more 


familiar with the Arctic environment. 


D.-) bOGITSTICS SUPPORT 

The next consideraion is to determine the operational 
requirement of the base. For instance, what type of 
Support facilities should the base contain? In order to be 
an effective operating base, it should have the capability 
to support all minor repairs and some major repairs on 
SSNs. Although it should not be necessary to build a base 
with complete overhaul capability, a base should have an 


intermediate maintenance activity support level. The base 


could maintain one dry dock for extensive periodic 
maintenance between overhauls. For example, to repair 
damaged screwS and sonar domes, since the probability of 
screw and sonar dome damage would be greater under the ice 
than in the open ocean as a result of surfacing and moving 
through ice. 

Since the Arctic submarine force would conduct all 
Arctic operations, personnel could be made available from 
the other U.S. submarine bases that currently support 
Arctic operations. However, personnel assignments to the 
Arctic base could be a major problem, especially to the 
married person. Not many families would choose to live in 
the Arctic. However, if proper provisions were made for a 
comfortable family life, an Arctic assignment might be 
quite acceptable. 

One way this might be accomplished is by constructing 
an adjacent dome that contains apartments for both married 
and single people, schools for children through high 
school, a navy exchange and commissary, and some 
recreational facilities. 

Many of the necessities for life and proper operation 
of the base could be flown into the Barrow air strip. From 
there, helicopters or trucks could be used for transport to 


the submarine base. 


Ill. ARTIC SUBMARINE FORCE SIZE ANALYSIS 


This thesis is based on the assumptions that the 
primary objective of the Arctic Submarine Force is to 
neutralize the threat of the Soviet SSBN and SSGN forces of 
the Soviet Northern Fleet in the event of an armed conflict 
with the Soviet Union. This means that a U.S. submarine 
base in the Arctic should be large enough to support a 
Submarine force sufficient to counter the Northern Fleet 
SSBN and SSGN forces. This thesis will concentrate on the 
SSBN forces. 

As of 1986, the northern SSBN fleet consisted of four 
Typhoons and 11 Delta III/IV [Ref. 1]. Also, the Soviets 
are building one Typhoon class and one Delta IV class SSBN 
per year [Ref. 2]. If this rate continues, by 1995, the 
Soviets will have seven more Typhoons and Delta IVs. 
Assuming the present force allocation of 65% of SSBNs to 
the Northern Fleet, by 1995 the Northern Fleet might have 
as many as 9 Typhoons and 16 Delta III/IVs. 

Two Simple force size analyses are presented next. 
Both analyses are based on the assumption that there will 
be no change in force requirements in other areas of world. 


The first analysis is the more conservative one. 


A. THE FIRST FORCE SIZE ANALYSIS 

Due to Soviet advances in Submarine quieting, acoustic 
sensors, and weapons, U.S. submarines may no longer enjoy 
the degree of superiority that they have had over their 
Soviet counterparts in the 1960s and the 1970s. This 
analysis is used to calculate the force size for a worst 
case condition in which the capabilities of Soviet SSBNs 
approach that of U.S. SSNs. 

ASSUMPTIONS 


1. The U.S. will deploy as many SSNs as the Soviets 
deploy SSBNs. 


2. The Soviets will have 25% of their SSBNs in 
station at all times. 


Se Without a submarine base in the Arctic, the U.S. 
Arctic submarine forces will use a six months 
deployment cycle, six months deployed, six months 
an pOLiG. 


4. By 1995, the Northern Fleet will have 25 deployable 
SSBNs. 


Thus, at any one time there would be seven SSBNs, 
(.25 * 25 = 6.25 = 7 SSBNs), deployed under the ice. 
Therefore, the U.S. would need to maintain seven SSNs in 
the Arctic. Given that it takes 15 days (this is discussed 
in a later section), for a U.S. SSN to transit to the 
Arctic from its nearest SSN base, an SSN would operate in 
the Arctic five months out of a year. Then, in order to 
maintain seven SSNs continously, which equates to 7 * 12 = 


84 submarine months per year, an Arctic submarine force 


needs 84 / 5 = 16.8 = 17 submarines: However, with a 
Submarine base in the Arctic and the Arctic submarine force 
operation concept, the U.S. submarine force size 
requirement would be decreased as will be seen in the next 


section. 


Bs THE SECOND FORCE SIZE ANALYSIS 
This analysis is based on a random search model. The 
model represents a theoretical search in which the least 
information is Known about a target and no systematic 
search plan is used [Ref. 3]. Thus, the force size 
calculated based on this method is also conservative. 
ASSUMPTIONS. 


ys Without the submarine base in the Arctic, U.S. 
forces will use a 6 months deployment cycle. 


2. The total area of the Arctic Ocean is 3.3 
million square miles; however, the area is 
Subdivided into individual SSBN operating areas 
of equal size. 

3. U.S. submarines' search efforts are independent. 


4. The best search speed for an SSN is 15 kts. 


5. The “cookie cutter" sweep width of a U.S. SSN 
sonar against a Soviet SSBN is 12 NM. 


6. An equal number of SSNs is deployed to each SSBN 
operating area. 
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7. The U.S. requires probability P of at least one 
detection for each deployed Soviet SSBNs in a 60 
day period. 


The model can be stated as follows: 


P = 1 - EXP(-WL(N/n) / (A/n)) 


where 
W = sweep width. 
L = total distance searched by a SSN. 
A = total area of the Arctic Ocean. 
N = the number of submarines needed. 
n = number of deployed Soviet SSBNs. 
Or P = 1 - EXP[ -WLN / A ] [Ref.3] 
and N = -(A/WL) * Il1n(P) 


Thus, N is independent of n for this model and the 
number of SSNs required is the same whether the Soviets 
deploy one SSBN or ten SSBNs. 

Example : Assume 1 SSBN is deployed and P = .5 
Then A = 2.557 mil. sq. nm, since 1 nm = 1.136 miles, 
3.3 mil.sq. miles = 2.557 mil. sq. nm 
L = 60 days * 24 hrs/day * 15 kts = 21600 nm 


and N 


-693 * A / W*L 
=e = eon 7/OO00/ (12 * 21600) 


6.84 = 7 submarines are needed. 


Therefore, the Arctic submarine force size without the 
Arctic submarine base must provide, 7 * 12 = 84 submarine 


months and this requires, 84 submarine months / 5 months = 


isk 


tosoe- 7 SSNs- 


Question: If P = .8 or P = .3, what is the f o rce 
size? 
For P = .8, N = 1.61°* 2557000 7 1Z2(2tceu 
= 15.8 = 16 submarines. 
Then, the force size must provide, 16 * 12 = 192 submarine 


months and this requires, 192 / 5 = 38.4 = 39 SSNs. 


For P = .3, N = 4.357 * 2557000 7 IZ2@leoer 
= 3.5 = 4 submarines. 
Then, the force size must provide, 4 * 12 = 48 submarine 


months and this requires, 48 / 5 = 9.6 = 10 SSNs. 

The remainder of the thesis is based on the first 
force size analysis, since it is sensitive to the number of 
SSBNs deployed, and the analysis is based on Soviets' 
deploying seven SSBNs in peacetime and ten SSBNs in 


wartime. 


C. WARTIME LOSSES 

The probability that a U.S. SSN will be lost while 
transiting through Soviet SSN barriers and mine fields at 
choke points to the Arctic Ocean is assumed to be .2 per 
transit. Given a patrol force of ten SSNs and a five-month 
patrol period, 24 transits per year will be required, and 


this will result in an expected loss of 24 * .2 = 4.8 or 5 


iis? 


SSNS per year. This number will be used in a later 
analysis. 

The number of the U.S. SSNs lost under the conditions 
considered might vary significantly depending on actual 
Soviet capabilities; however, with the above assumptions, 
the U.S. will lose on the order of five submarines per year 


from the Soviet barriers to the Arctic Ocean. 
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IV. COST ANALYSIS 


A. ARCTIC SUBMARINE BASE EFFECTIVENESS 

Is building a submarine base in the Arctic cost 
effective? The cost effectiveness analysis of the Arctic 
submarine base will be based on the approximate cost of 
building and operating the submarine base versus the number 
of submarines saved by operating from the Arctic base. The 
analysis considers two situations in the year 1995, a 


peacetime situation and wartime situation. 


di Peacetime Analysis 


ASSUMPTION: In 1995, the Soviets deploy seven SSBNs in 
the Arctic Ocean. 

Then from calculations in the previous chapter, the 
U.S. would need to maintain seven SSNs to counter the SSBN 
threat. Without the base in the Arctic, the U.S. needs 17 
Submarines to maintain continuous presence of seven 
submarines, but with the base only 14 submarines are 
required. (With the Arctic submarine force operation, a 


Submarine operates in the Arctic Ocean 16 months out of a 


30 month cycle. Since maintaining seven submarines 
continously requires 7 * 30 = 210 submarine-months per 
cycle, 210 / 16 = 13.125 = 14 submarines are needed. ). 
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This equates to a savings of three submarines. 


Question: What is the submarine savings if the 
Soviets deployed four SSBNs? 


Then, from the first force size analysis, the U.S. would 
need to maintain four SSNs to counter the threat. Without 
the base in the Arctic, the U.S. needs ten Submarines, but 
with the base only eight submarines are required, since 


maintaining four submarines continuously require 4 * 31 = 


124 submarine-months per cycle, 124 / 16 = 7.75 = 8 
submarines. This equates to a savings of two submarines. 
2. Wartime Analysis, 
ASSUMPTIONS: 


a. The Soviets deploy ten SSBNs. 
b. The conflict lasts for one year. 
c. Without an Arctic submarine base, the U.S. Arctic 
Submarine force uses deployment cycle of five months 
speration in the Arctic, resupply for one month at 
the home port and operate for another five months. 
The nearest U.S. attack submarine base to the 
Arctic is Groton, Connecticut, which is approximately 4300 
NM to the Arctic submarine operating area. Transiting at 
average speed of 12 kts, it would take a submarine on the 
order of 15 days to reach its operating area. Thus, in a 
five-month operating period, an SSN would be on station 
for only four months and a submarine will be in the Arctic 


eight months per year. Then, in order to maintain ten 


Submarines continuously for one year, which equates to 12 
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months * 10 submarines = 120 submarine-months, the U.S. 
would need 120 submarine-months / 8 months = 15 
submarines. In addition, five more submarines are needed 
to account for the wartime loses as calculated in the 
previous section. Thus, the U.S. would need a total of 20 
SSNs. 

On the other hand, with the Arctic submarine base 
operation concept, a submarine could spend five months on 
deployment, come back to the base, allow one month to 
resupply and exchange the crew and deploy again for five 
months. In this case, the submarine would spend ten months 
out of a year under the ice. With this concept, only 12 
Submarines are needed to maintain ten submarines in the 
Arctic area continuously. Thus, the submarine savings are 


eight submarines in wartime situations 


B. COST EFFECTIVENESS 
1 Cost Savings Accruing From Submarines Saved 
ASSUMPTIONS: 


a. In 1995, the average cost of a modified Los Angeles 
class submarines cost 800 million dollars each. 


b. Annual operating and maintenance cost of an SSN is 
ten percent of the procurement cost. 


c. Discount rate (r) is ten percent for all years. 


IkG 


Gis The size of Arctic submarine base is four times as 
large as the Astrodome. 


Peo littaplineatToOmM taceor Of 1.5 to 2.5 in cost is 
used to account for the Arctic weather and the 
transportation of building materials. 


f. The average inflation rate between 1965 to 1995 is 
Oy0) 6 i.c 
g. Operation and maintenance cost of the U.S. 


submarine force is 25% of the total U.S. Navy's 
operation and maintenance cost. 


h. The useful life of a submarine is 30 years. 


a. Peacetime Analysis. 

From the previous section, the number of 
submarines saved in peace time was three when the Soviets 
deployed seven SSBNs; thus, this equates to a savings of 
2.4 billion dollars in 1995. Since Los Angeles class SSNs 
are built four per year, discounting is not used. ey) 
addition, the annual operating and maintenance cost 
discounted to 1995 dollars is calculated using the present 


value formula [Ref.5]. 


(1) PV = SUM ( Ai / (1 + r)*¥¥*¥i ) 5 ee! ea 8 
where 
PV = present value. 
Ai = cost at year i. 
r = discount rate. 
n = total number of years. 
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Using the above formula, with the constant discount rate of 
10% and Ai = 2.4 billion * .1 = 240 million dollars for all 
30 years, the operation and maintenance cost is 
approximately 2.3 billion 1995 dollars. Thus, the total 
Savings from the Arctic submarine base is 4.7 billion 
dollars. Therefore, if the submarine base construction and 
operation costs are less than 4.7 billion in 1995, it could 
be cost effective. 

If the Soviets deploy only four SSBNs, then the 
Submarine savings is two submarines, which equates to a 
savings of 1.6 billion dollars in 1995. Also, using 
equation (1), the operating and maintenance cost is 
approximately 1.5 billion 1995 dollars. Thus, the total 
Savings from the Arctic submarine base is 3.1 billion 
dollars. 

b. Wartime Analysis. 

The submarine savings from the Arctic base 
operation in wartime, from the previous analysis, was 
three submarines. Also, there are approximately five 
submarines lost per year from Soviet SSN barriers and the 
mine fields at the Arctic choke points. Thus, the total 
submarines saved might be eight submarines for a one year 
campaign. This equates to savings of approximately 12.6 


billion 1995 dollars. 
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2. Cost Expenditures for the Base 


a. Investment Costs 

Since there are no facilities that are 
equivalent to an indoor submarine base, a rough 
approximation of the investment cost will be derived using 
a formula that gives an order of magnitude cost estimate 
and the cost of the Astrodome in Houston, Texas as the base 
case [Ref. 4]. 

A formula which can be used for scaling up or 
down structure costs is: 


Gx —- Ch ~ (Ex / Ek) *“n 


where 
Cx = cost of item of size Ex 
Ck = cost of item of size Ek 
n = cost capacity exponent ( = .85 [Ref .4]) 


The Astrodome in Houston, Texas, built in 1965, 
cost $31.6 million dollars. Its overall size is 216 meters 
by 216 meters, the outside wall is 66 meters high, and the 
diameter of the dome is 196 meters. Assume an Arctic 
submarine base with proper facilities to support 14 
submarines can be built on a lot size of 432m by 432m, have 
a height of 66m and a dome diameter of 400m. This facility 


then would be four times as large as the Astrodome. 


ie, 


From the above formula, the investment cost of 


the Arctic submarine base in 1965 dollars is 102.7 million: 


Cx = 31,600,000 * (4)**.85 = 10207 7) ine 


Since construction cost in the Arctic is not comparable 
with that in a temperate climate, and to account for the 
large transportation cost for the building materials, a 
multiplication factor of 1.5 to 2.5 is used for the Arctme 
Submarine base construction. Using these factors, the cost 
would be about 102.7 mil * 1.5 = 154.05 mil. to 102.7 mie 
2.5 = 256.75 million in 1965 dollars for the base. 

Assuming the Astrodome would be large enough 
for the living quarters then, an additional 31.6 mil * 1.5 
= 47.4 to 31.6 mil * 2.5 = 79 million dollars would be 
required. So, the total investment cost for the Arctic 
Submarine base might be 201.5 to 335.75 million in 1965 
dollars. 

The $335.75 million in 1965 dollars canbe 
converted to 1995 dollars by adjusting for inflation. The 
average inflation over the 30 years is assumed to be about 


6.5% [Ref. 5]. Then, 
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Clim 95%) Glin s@Siee~ @s + w065)**n 
where 


cost in 1995 


Gisin 95] 
Chins 65 e= cost), in 1965 


mn = number of years 


Usingethicmtonmnulasesgoe75 “million ian 19656i1s 
Seuvalent Co 2.22aballiom in 1995. Likewise, 201.5 million 
femequivalent to ol.33 billion in 1995. The estimated 
accuracy of the "order of magnitude estimate" is -30%,+50% 
[Ref. 4]. Thus, the cost might range between .9 billion to 
Beso ballion 1995 dollars. 

In addition, although the Astrodome has some 
buildings included, extra building facilities would be 
needed for the submarine base operations. Adding an extra 
investment cost of .5 billion in 1995 dollars to account 
for this, the total investment cost of the base might range 
between 1.4 to 3.83 billion 1995 dollars. 

If the Soviets deployed only four SSBNs in 
peace time, the Arctic submarine force size need to be only 
eight SSNs. However, in wartime the Soviets would most 
likely increase the number of SSBNs deployed. Therefore, 
the submarine base size will still be the same, which 
implies that the investment cost of the submarine base 


fegice range from 1.4 to 3.83 billion 1995 dollars. 
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leke Operation and Maintenance Costs 

The operational cost of the proposed Arctic 
Submarine base is calculated using the 1987 Navy budget 
request, which was 94 billion dollars. Ten percent of 94 
billion was for the operation and maintenance of all U.S. 
Navy support facilities [Ref. 2]. Since the submarine 
force comprise approximately 25 percent of the U.S. Navy, 
25 percent of the total operations and maintenance cost 
will be spent on submarine base operations. The U.S. 
Submarine force size is about 130 submarines, so the 
operation and maintenance cost of a Submarine base with 14 
Submarines might be approximately one-tenth of the total 
Submarine base operation costs. Then, the operation and 
maintenance cost of the Arctic submarine base might be (for 
30 years), again uSing formula (1), approximately 2.24 
billion in 1987 dollars; if the Arctic factor of 1°75 tCeuzase 
is considered, then, the cost would range between 3.36 
billion to 5.6 billion in 1987 dollars. This is equivalent 
to about 5.56 to 9.27 billion in 1995 dollars, again using 
a constant 6.5% annual inflation rate. 

In addition, there would be varying costs of 
channel and harbor dredging, ice breaking and defense 
systems for the submarine base. These costs might range 
from one to three billion 1995 dollars, based on the 


dredging costs, the amount of ice breaking needed and the 


LOD 


defense system costs. Thus, the total cost of the Arctic 
submarine base might range from approximately eight to 16 
billion dollars. 

If the Soviets deploy four SSBNs, the Arctic 
Submarine force size is eight SSNs. Then, the operation 
and maintenance cost would range between 3.2 to 5.3 billion 
mo9> dollars. The cost of dredging, ice breaking, and 
defense systems would still remain about the same one to 
three billion 1995 dollars. Thus, the total cost of the 
Submarine base might range 5.6 to 12.2 billion 1995 


dollars. 


Cc. SUMMARY 
Table 1 indicates that the Arctic Submarine base is not 
cost-effective in peacetime but likely be cost effective in 


wartime. 
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Table l 


COST SAVINGS AND EXPENDITURES (1995 DOLLARS ) 


Peacetime(4) Peacetime(7) Wartime(10) 


Cost savings (3.1 bile A pals Zee bile 
investment cost 1.4 to 3-8 bibiien 

O & M cost 4.2 - 8.3 bil. 6.6. = 1253) bi 
cost expenditure 5.6 - 12.1 bil. 8.0 =-16.1°bre 


* The number in parenthesis indicates the number of 


SSBNs deployed. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


The cost analysis of the thesis indicates that an 
Arctic submarine base is likely to be not cost effective 
during peace time, 4.7 billion cost savings versus 8.0 to 
16.1 billion cost expenditure; however, it would likely be 
cost effective in war time, in which case the cost savings 
ape 12.6 billion. In any case, the decision to build a 
Submarine base in the Arctic should not be based on cost 
alone. 

The other benefit of having a submarine base might be 
more effective ASW in that region, since the crew would be 
familiar with the environment. Also, the Los Angeles class 
Submarines equipped with land attack Tomahawk missiles just 
outside of the Soviet territory might be a significant 
strategic deterrent against the Soviets. 

On the other hand, the Soviets might consider the U.S. 
Arctic submarine base as a threat to their national 
security; consequently, they might build up their Arctic 
Submarine force even larger. That might start a strategic 
arms race in the Arctic. 

In a report by former Secretary of the Navy, John 
Lehman, it is stated, "For purpose of deterrence, crisis 


management, and diplomacy, we must be present in the areas 
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where we would have to fight if war broke out."([Ref. 2] 

This suggests that the U.S. needs to increase its presence 
in the Arctic. An Arctic submarine base is one option for 
increasing the U.S. presence there. The cost analysis of 
this thesis is very rough. It might be within a factor of 
two to three of the real costs. However, it provides a 
starting point for an in-depth analysis of the cost 


effectiveness of building a submarine base in the Arctic. 
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